INTRODUCTION {#sec1-1}
============

Plants are used worldwide for the treatment of diseases, and novel drugs continue to be developed through research from plants. There are more than 20,000 species of plants used in traditional medicines, and these are all potential reservoirs for new drugs.\[[@CIT1]\] With the advance in modern medicine and drug research, chemical synthesis has replaced plants as the primary source of medicinal agents in industrialized countries. In developing countries, the majority of the world's population cannot afford pharmaceutical drugs and use their own plant-based indigenous medicines. Traditional medicinal plants have received considerable attention because their bioactive components may lead to new drug discoveries.\[[@CIT2]--[@CIT10]\]

*Solanum nigrum* Linn. (Solanaceae), commonly known as "Black nightshade," has been extensively used in traditional medicine in different parts of world to cure liver disorders, chronic skin ailments (Psoriasis and ringworm), inflammatory conditions, painful periods, fevers, diarrhea, eye diseases, hydrophobia, seizure, etc.\[[@CIT11]--[@CIT14]\] Also, the fruits are believed to have anti-tumor properties, although the mechanism for the activity remains to be elucidated.

*Cucurbita pepo* (Cucurbitaceae), commonly known as "pumpkin," distributed in different regions of world, has been employed in folk medicine to treat colds, alleviate aches, benign prostatic hypertrophy (BPH), etc. Previous pharmacological tests have shown that it possesses antibacterial, antiviral, anti-inflammatory and analgesic effects.\[[@CIT15][@CIT16]\] Taxol is an intense anti-tumor compound extracted from the plants belonged to *Taxus* species, such as *Taxus baccata*. However, difficulty in obtaining this compound from yew trees has limited its clinical use.\[[@CIT17]\]

In this investigation, cytotoxic effects and IC~50~ of specific concentrations of hydro-alcoholic extracts of fruits of *S. nigrum* and leaves of *C.pepo* were compared with hydro-alcoholic extract of bark of T. baccata and Cisplatin, well-known herbal and chemical anticancer compounds, respectively, on normal \[Chinese hamster ovarian cells (CHO) and rat fibroblast\] and cancer (HepG2 and CT26) cell lines.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

Leaves of *C. pepo* and bark of *T. baccata* were collected from the northern regions of Iran (Neka city in Mazandaran province) in August 2007. Also, fruits of *S. nigrum* were collected from downtown of Isfahan, Isfahan province. Botanical identification was confirmed by morphologic characteristics at Department of Pharmacognosy, Sari Faculty of Pharmacy.

Extraction and isolation {#sec2-2}
------------------------

A measured quantity of 50 g of dried and powdered parts of each plant was chopped and soaked in 500 ml of ethanol (50% v/v) for 48 h and then percolated (10 drops/min).\[[@CIT18][@CIT19]\] The hydro-alcoholic extracts (1:10) were separately concentrated over a rotary vacuum evaporator and specific concentrations of the hydro-alcoholic extracts (5, 25, 50, 100, 150 µg/ml) were prepared using phosphate buffer (pH = 7.4).

Cell lines {#sec2-3}
----------

Normal CHO, normal rat fibroblast, HepG2 (human hepatocarcinoma) and CT26 (human colon carcinoma) cell lines were purchased from Pasture Institute of Iran in Tehran.

The completed media were sterilized by 0.22 µm microbiological filters and kept at 4°C before use.

Colonogenic assay {#sec2-4}
-----------------

In colonogenic assay, 50 µl of DMEM/F12 including 500--700 cells was added to three wells of six well/plates for each concentration of the extracts and Cisplatin. Then, they were incubated for 48 h. After incubation, the cell lines were exposed to 50 µl of 0 (phosphate buffer), 5, 25, 50, 100, 150 µg/ml of hydro-alcoholic extracts of *C. pepo*, *S. nigrum* and *T. baccata*, and 50 µl of 0, 2.5, 5, 10, 25 µg/ml of Cisplatin for 2 h, and then washed using sterile normal saline 0.09%. Then, 4 ml fresh culture media was added to the wells and incubated for 7 days. After this period, the contents of wells were excluded; the cells were fixed with formalin 9%, and dyed with trypan blue 4% (w/v) for 20 min. Then, trypan blue was excluded, and the six well/plates were washed using sterile normal saline 0.09%. At the end, the dyed colonies were counted using a light microscope.\[[@CIT19]--[@CIT21]\]

Statistical analysis {#sec2-5}
--------------------

Prism ver.3 Software was used to perform statistical tests. One way analysis of variance (ANOVA) followed by Tukey test were used to determine the differences among the groups (*P* \< 0.05).

RESULTS {#sec1-3}
=======

The results showed that the extract of *S. nigrum* possesses lower IC~50~ compared to that of the *C. pepo* extract on all four normal and cancer cell lines (*P* \< 0.05). But IC~50~ of the *S. nigrum* extract was significantly higher than that of the extract of *T. baccata* and Cisplatin on all four normal and cancer cell lines (*P* \< 0.05) \[[Table 1](#T0001){ref-type="table"}\]. The lower IC~50~ represents the higher potency of a compound to inhibit the growth of cells and cause toxicity and death of cells.

###### 

The evaluated IC~50~ of *C. pepo, S. nigrum* and *T. baccata* extracts, and Cisplatin on the selected normal and cancer cell lines

  Compound               Cell lines                                 
  ---------------------- ------------- ------------- -------------- -------------
  *C. pepo* (leaves)     132.6 ± 4.3   167.2 ± 6.3   239.2 ± 10.3   241.4 ± 9.6
  *S. nigrum* (fruits)   56.4 ± 9.3    77.6 ± 1.2    98.2 ± 2.1     102.3 ± 6.1
  *T. baccata* (bark)    16.6 ± 0.8    18.7 ± 0.3    20.4 ± 1.2     19.1 ± 1.1
  Cisplatin              0.07 ±0.87    1.2 ± 0.03    5.5 ± 0.21     1.6 ± 0.21

µg/ml

*P* \< 0.05

Comparison of the evaluated IC~50~ of the *S. nigrum* and *C. pepo* extracts with that of the *T. baccata* extract and Cisplatin on normal and cancer cell lines are shown in [Figure 1](#F0001){ref-type="fig"}. However, the lowest and highest IC~50~ values were related to Cisplatin and hydro-alcoholic extract of *C. pepo* in all cell lines.

![The evaluated IC~50~ of *C. pepo, S. nigrum* and *T. baccata* extracts, and Cisplatin on the selected normal and cancer cell lines](PM-6-176-g001){#F0001}

IC~50~ of the compounds on the four cell lines increased in the following rank order: Cisplatin \< *T. baccata* \< *S. nigrum* \< *C. pepo*. The IC~50~ of Cisplatin on the four cell lines decreased in the following rank order of cells: CHO \> fibroblast \> CT26 \> HepG2. Also, the IC~50~ of hydro-alcoholic extract of *T. baccata* on the four cell lines decreased in the following rank order of cells: CHO \> fibroblast \> CT26 \> HepG2.

On the other hand, the IC~50~ of hydro-alcoholic extract of *S. nigrum* on the four cell lines increased in the following rank order of cells: fibroblast \< CHO \< CT26 \< HepG2. As a result, the highest and lowest cytotoxicity of the *S. nigrum* extract was related to HepG2 (IC~50~ = 56.4 ± 9.3 µg/ml) and CHO (IC~50~ = 102.3 ± 6.1 µg/ml) cell lines.

The IC~50~ of hydro-alcoholic extract of *C. pepo* on the four cell lines increased in the following rank order of cells: CHO \< fibroblast \< CT26 \< HepG2. Also, the highest and lowest cytotoxicity of the *C. pepo* extract was related to HepG2 (IC~50~ = 132.6 ± 4.3 µg/ml) and fibroblast (IC~50~ = 293.2 ± 10.3 µg/ml) cell lines.

DISCUSSION {#sec1-4}
==========

For many years, plants have been used for treating different types of diseases in human beings. As per the World Health Organization (WHO) calculation, about 80% of the world's population presently uses medicinal herbal drugs for their primary health care.\[[@CIT22][@CIT23]\] Cancer is one of the main health problems of the world′s population. Current chemotherapeutic drugs are not useful in all cases and have severe side effects on human health. As a result, a search for other alternatives, preferably natural products, seems necessary and beneficial. This leaves an open door for new and better compounds. In continuation of our search for substances of plant origin with pharmacological effects, we have isolated and screened the plants *S. nigrum* and *C. pepo* for their cytotoxic activities.

According to the results, IC~50~ of the *S. nigrum* and *C. pepo* extracts, and *T. baccata* extract and Cisplatin, as herbal and chemical control positive compounds, respectively, on normal cell lines were higher than that on cancer cell lines. This difference can result from dysfunction of cellular organisms following cancer incidence which causes higher rate of proliferation and increased cellular intake. Also, defensive disorders and effusion insufficiency to escape toxic substances from cells can lead to a lower necessity of the amounts of cytotoxic compounds to inhibit the growth of cancer cells, in comparison with normal cells.\[[@CIT19]--[@CIT21]\]

A study carried out by Patel *et al*., evaluated that methanolic extract of *S. nigrum* fruits has potential activity on HeLa cell and lesser effect on Vero cell. So, the drug has considerable anticancer activity on cervical cancer.\[[@CIT24]\] Wang *et al*. showed antitumor effects of methanolic extract of *S. nigrum* fruits on U266 cells.\[[@CIT25]\] During Wang *et al*.'s search for new anti-tumor agents, the ethanolic extract of fruits of *C. pepo* was observed to exhibit a significant dose-dependent inhibitory effect against HeLa cell growth.\[[@CIT26]\]

In our study, MTT\[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide\] assay shows considerable activity of *S. nigrum* on HepG2 cell and little beat effect on CT26 cell. Also, the viability percents of the cells exposed to the extract of *S. nigrum* and similarity of IC~50~ of this extract with the *T. baccata* extract, a common natural anticancer product, allows us to conclude that extracts of different parts of *S. nigrum* are good candidates for further studies of activity-monitored fractionation to identify their active components. Our results further support the idea that these medicinal plants can be promising sources of potential anticancer agents to treat or control a variety of cancers such as liver and colon cancers. In addition, the results of this study can form the basis on which the researchers can conduct cytotoxic studies on different cancer cells and find the mechanisms of cytotoxicity of the plants.
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